ABSTRACT. Bovine gut chitinase is exclusively produced in the liver and secreted into the blood. In the present study, we established a semi-quantitative method by Western blot analysis for measurement of the chitinase content in blood and examined its alteration during postnatal development and experimental infection with hemoprotozoan parasite in cattle. Its serum levels from 1 week to 1 year of age showed a significant increase only in 3-4-month-old group. The plasma concentration of the gut chitinase was not changed during acute inflammation caused by lipopolysaccharide but increased gradually after a Theileria injection and peaked at 52 days post-infection. It appears that the increase in the blood chitinase levels might be a defensive response in cattle against protozoan infection. KEY WORDS: bovine serum, chitinase, Theileria sergenti.
Chitin is the most abundant glycopolymer constituting the integument including the shells of crustaceans, insect exoskeleton, microfilarial sheath of parasitic nematodes, cell wall of most fungi, and spore shell of microsporidia [4, 7, 16] . Chitinases are ubiquitous chitin-fragmenting hydrolases and produced by a vast array of organisms [5] . Recently, two functional chitinases, chitotriosidase and acidic mammalian chitinase (AMCase), have been identified in mammalian species [2, 3, 15] . Human and mouse AMCase having a molecular mass of 50 kDa is secreted from the stomach and salivary gland into the gut lumen and activated under acidic conditions at an optimal pH 2 [2, 8] . AMCase-like proteins have also been found in the stomach of chickens and frogs [6, 11, 18] . So, we proposed to call this kind of chitinases 'gut chitinase' [18] . In developing mice, the expression level of gut chitinase mRNA in the parotid gland and stomach sharply increased to the adult level before weaning [18] . Although the signals in the proventriculus (glandular stomach) of chickens began to be detectable in early stage of embryonic development, they reached a maximum level around hatching and persisted thereafter [18] . In the stomach of frogs, the first signals were detected during the metamorphosis following the reconstruction of their stomach, suggesting an adaptation from a herbivorous to a carnivorous diet. It can thus be concluded that in these animals, gut chitinase is secreted into the gastrointestinal lumen to digest chitin-coated food such as insects.
Independently of the chitinase research mentioned above,
we purified a chitin-binding protein (CBPb04) with a molecular mass of 50 kDa from bovine sera. Sequence analysis revealed that it is a bovine counterpart of human and mouse gut chitinase (AMCase) although its chitinolytic activity was optimal at neutral pH. The mRNA expression was detected only in the hepatocytes with in situ hybridization analysis, suggesting that the enzyme is produced in the liver and secreted into the blood [19] . Physiological and pathophysiological roles of bovine gut chitinase in blood are unknown. As Overdijk et al. reported that the blood obtained from guinea pigs infected with Aspergillus fumigatus showed a higher chitinase activity than that of the control [13, 14] , we assumed that the bovine gut chitinase in the blood might play some defensive role against pathogens rather than act as a digestive enzyme. To test this hypothesis, we here established a semi-quantitative method for the measurement of bovine gut chitinase and investigated its changes with aging, systemic inflammation caused by lipopolysaccharide (LPS) injection, and experimental infection with Theileria sergenti in calves or cows. Experimental procedures were in accordance with the guidelines of the animal use regulation of Hokkaido University. Blood samples of female Holstein calves of four different age groups (three calves in each group, age range: 1-4 weeks, 3-4 months, 5-7 months, and 1 year old) were collected in National Agricultural Research Center for Hokkaido Region. The calves were weaned when they were 11 weeks old. Blood samples were also obtained from female Holstein cows (450-550 kg in body weight) injected with either LPS (500 ng/kg) (LPS serotype: Escherichia coli O55: B5, Difco, Detroit, MI, U.S.A.) or saline as described previously [17] . Samples of calves experimentally infected with T. sergenti were collected at 0, 10, 38, 52 and 66 days after the infection. Theileria used in this study was T. sergenti Shintoku stock which had been maintained in splenec- tomized cattle. The calves used in the experimental infection, 3 males and 1 female, were cross-breed species.
They were weaned at two months of age. When the animals reached three months of age, they were intravenously injected with the 1 × 10 8 merozoite per body, and their infection was confirmed by counting their red blood cells with merozoites (infection rate) under a light microscope (Fig.   2B ). These calves did not show any clinical symptoms during the experimental period. Blood samples were also collected from healthy animals without any prior treatment as follows: three castrated male Corriedale sheep, three female Saanen goats, four male thoroughbred horses, three male guinea pigs (Hartley, 300-350 g), three male rats (Wistar, 300-400 g), three female chickens (two White Leghorn and one Lohmann Julia) and four humans (two men and two women). Either serum or plasma was prepared from the obtained blood and subsequently treated with four volumes of AffiGel Blue gels (50% suspension in a 20 mM sodium phosphate buffer, pH 7.1) (Bio-Rad, Hercules, CA, U.S.A.) for 12 hr at 4°C with rotation in order to remove serum proteins such as albumin which interfere with the detection of the chitinase protein. After a brief centrifugation, the supernatant was subjected to 12% sodium dodesyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under a nonreducing condition. Proteins were then transferred onto a polyvinylidene difluoride membrane (Hybond-P; Amersham, Buckinghamshire, UK). The membrane was subsequently blocked with 5% dried skimmed milk in 0.01 M phosphate-buffered saline (pH 7.2) containing 0.05% Tween 20 (PBS-T), and then incubated with affinity-purified rabbit anti-bovine gut chitinase antibody (90 ng/ml) diluted in PBS-T [6, 8] . The bound antibody was visualized using peroxidase-labeled anti-rabbit IgG (Bio-Rad) and an enhanced chemiluminescence system (Amersham). The intensity of the corresponding proteins was analyzed on the luminograph using an image analysis program (NIH Image 1.62; National Institutes of Health, Bethesda, MD, U.S.A.). In Western blot analysis of the purified bovine chitinase, three immunoreactive bands appeared around a molecular mass of 50 kDa as previously reported [19] , and their total intensity was increased in proportion to their protein concentration (Fig. 1A) . We estimated the recovery rate at 75.9 ± 5.4% (mean ± S.E., n=6) on the luminograph by comparing the band intensity of purified chitinase to that of equal amount of the protein added into bovine plasma samples. We then used this method to quantify the serum or plasma concentrations of the gut chitinase in the following examination.
To determine the postnatal changes in the chitinase contents, sera obtained from one-week-to one-year-old calves were analyzed. All of the serum chitinase contents were distributed in a narrow range of 11-28 µg/ml, but variance analysis followed by Fisher's Protected Least Significant Difference (PLSD) showed a statistically significant increase (p<0.05) only in the 3-4-month-old calves (Fig.  1B) . This increment may be caused by dramatic changes in diet after the weaning period at 11 weeks of age. Next, to examine whether the chitinase could be induced after a systemic inflammation as in the case of acute phase proteins, plasma samples obtained from LPS-injected cows were analyzed. Although various metabolic and endocrine parameters in the plasma were dramatically altered in the LPSinjected cows [17] , the chitinase levels did not change (Fig.  1C) . We also examined plasma samples obtained from calves infected with T. sergenti. In these calves, the chitinase contents before the parasite infection were relatively low (0.1-6.6 µg/ml), but the infection elevated the contents in all calves, ranging from 8.0 to 29.6 µg/ml ( Fig. 2A) . Mann-Whitney's U test showed a statistically significant increase (p<0.05) between the infected group at 52 days after the infection and the preinfection control (day 0) (Fig.  2A) . No particular correlation was found between the gut chitinase contents and infection rate ( Fig. 2B and C) .
No reports are available as to whether or not T. sergenti contains a chitinous coating. However, the finding that sulfated chitin interferes with the binding and invasion of the Theileria merozoites to bovine red blood cells in vitro [9] indicates the involvement of chitin-like molecules in this parasitic infection. Chitotriosidase is another mammalian chitinase and is produced mainly by macrophages. A plasma chitotriosidase activity was reported to be higher in African children than in Caucasian ones and to be much higher in African children with acute malaria [1] . Thus, it is speculated that increments of the gut chitinase in blood may be beneficial to prevent parasitic infections.
There are some reports showing the existence of chitinase activities in the sera of the goat, guinea pig, and human [10, [12] [13] [14] . By use of the present immunoblotting, we also tested the possibility that the antibody against bovine gut chitinase could detect protein bands in the plasma of other animal species (Fig. 3) . Some plasma proteins with molec- ular masses around 50 kDa in all species except the chicken reacted to the bovine chitinase antibody, but the intensities of the immunoreactive bands differed from each other. The most intense bands were detected in horse and guinea pig plasma, and the less intense or faint bands appeared in the goat, rat, human, and sheep. Although we have not measured chitinolytic activity in these plasma samples and can not deny the possibility that the antibody cross-reacts with chitotriosidase in their blood, the results obtained by immunoblots suggest that gut chitinase-like protein with structural features similar to bovine one may be present in other mammalian species. We wish to thank Dr. Kenichi Yayou, National Agricultural Research Center, and Dr. Fumio Sato, Japan Racing Association, for their kind cooperation with the blood sampling. We also thank Drs. Michi Kodama and Yoshihiko Sakota, Graduate School of Veterinary Medicine, for their valuable advice.
